
NS 蛋白稳定性

图5：NS 蛋白置于三种配方体系中，分别在4℃（A）
、22℃（B）、37℃（C）条件下储存，其相对酶活
性随存放天数的变化情况。

图6：NS 蛋白置于三种配方体系中，分别在4℃（A）
、22℃（B）、37℃（C）条件下储存，其蛋白浓度
随储存天数的动态检测结果。

BP 蛋白稳定性

图7：BP 蛋白置于三种配方体系中，分别在4℃（A）、30℃（B）条件下储存，其相对
酶活性随储存天数的变化情况。

DSF 与 DSC 两种方法的熔解温度差异

图9：采用 SYPRO Orange 染料的差示扫描荧光法（DSF）与差示扫描量热法（DSC）
测得的 NS 蛋白熔解曲线。
(A) 三种配方条件下，由 DSF 与 DSC 分别计算得到的熔解温度；
(B) 实验设计优化配方 NS-1 中 NS 蛋白的 DSF、DSC 熔解曲线；
(C) DSF 初筛表现最优配方 NS-2 中 NS 蛋白的 DSF、DSC 熔解曲线；
(D) DSF 初筛表现最差配方 NS-3 中 NS 蛋白的 DSF、DSC 熔解曲线。

配方初筛

图3：配方初步筛选结果。分别测定 (A) NS、(B) BP、(C) BE、(D) BL 四种蛋白在96种不同
配方中的熔解温度（Tm）。色阶代表温度高低，绿色对应更高熔解温度，红色对应更低熔
解温度。

基于 JMP 实验设计（DoE）开展配方预测

图4：(A) 实验设计模型所得预测熔解温度（Tm）与实测熔解温度的相关性；预测剖析图分
别展示 (B) 缓冲液浓度、(C) 氯化钠浓度、(D) 添加剂、(E) 盐种类与 pH 值对熔解温度的影
响。

初筛后选定的配方体系
表4：稳定性测试期间各酶所用配方体系

全自动蛋白缓冲液置换技术：支撑高通量热位移实验，精简液体制剂开发流程

图8： BP 蛋白置于三种配方体系中，分别在 4℃（A）、30℃（B）条件下储存，其蛋白浓度
随储存天数的变化情况。

图10：采用 SYPRO Orange 染料的差示扫描荧光法（DSF）与差示扫描量热法（DSC）测
得的 BP 蛋白熔解曲线。
(A) 三种配方条件下，由 DSF 与 DSC 计算得到的熔解温度；
(B) 实验设计优化配方 BP-1 中 BP 蛋白的 DSF、DSC 熔解曲线；
(C) DSF 初筛表现最优配方 BP-2 中 BP 蛋白的 DSF、DSC 熔解曲线；
(D) DSF 初筛表现最差配方 BP-3 中 BP 蛋白的 DSF、DSC 熔解曲线。

引言

• 开发稳定性优异的蛋白制剂是生物药研发落地的核心前提，但传统制剂筛选需耗费数周至数月开展迭代试验，

大幅拉长研发周期、抬高研发成本。

• 将自动化液体处理平台（ALH）与亲和层析、SizeX 系列 IMCStips® 层析吸头联用，可直接从细胞裂解物中快速

完成蛋白纯化，并置换至96种独立配方缓冲体系中。

• 可搭载实时荧光定量 PCR 平台，采用 SYPRO™ Orange 荧光染料，通过差示扫描荧光法（DSF）评定蛋白稳定

性，基于蛋白熔解温度（Tm）开展蛋白高通量筛选。

• 该方案可借助熔解温度（Tm）快速、规模化地评估蛋白热稳定性，还能融入试验设计（DoE）工作流程，用于筛

选并优化制剂配方参数，加快研发进程，最终获得性质稳定、结构稳健的蛋白药物。

方法

结论
• IMCStips 可实现多种蛋白样品的纯化与缓冲液置换，相较于传统实验流程能大幅降低成本。

• 依托自动化液体处理平台（ALH），可一次性对96份样品完成不同配方的缓冲液置换；而传统快速蛋白液相色谱（FPLC）仅能单次完成单一样品缓冲液置换。

• 搭配 SYPRO Orange 染料开展差示扫描荧光法（DSF）筛选，可快速筛选出稳定性最优的保护配方。

• 该实验流程易于放大，可适配更高通量筛选，同时生成结构化标准数据集。

• 流程自动化与数据标准化，能够落地机器学习驱动方案，用于筛选新型蛋白稳定配方，加速生物制剂研发进程。
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• 冻存细胞经解冻后，采用 B-
PER Complete 蛋白提取裂
解液进行裂解处理。

• 细胞裂解液离心处理，取
上清液并用缓冲溶液稀释。

• 借助自动化液体处理平台
（ALH），搭配镍离子固
定化金属亲和层析 
IMCStips 吸头，从细胞
裂解液中纯化目标蛋白。

• 使用 SizeX 系列 
IMCStips 吸头，将纯化
后的蛋白置换至96种不同
配方缓冲体系中。

• 以牛血清白蛋白（BSA）
为标准品，采用布拉德福
蛋白定量法（Bradford 
法）测定配方蛋白浓度。

• 在自动化液体处理平台操作
台面完成 SYPRO Orange 荧
光染料的混匀加样。

• 利用StepOnePlus实时荧光
定量 PCR 仪搭配 SYPRO 
Orange 荧光染料，通过差
示扫描荧光法（DSF）测定
蛋白热稳定性；同时使用 TA 
DSC2500 差示扫描量热仪开
展差示扫描量热法（DSC）
检测，并对两种方法的检测
结果进行比对。

NS BP

NS-1
50 mM Gly-Gly,

pH 8.5, 250 mM NaCl,
5% glycerol

T :
m

54.1°C BP-1
200 mM HEPES,

pH 6.5, 125 mM NaCl,
5% sorbitol

T :
m

55.0°C

NS-2
200 mM Gly-Gly,

pH 8.5, 250 mM NaCl,
5% sorbitol

T :
m

53.2°C BP-2
200 mM Na. Citrate,

pH 6.0, 250 mM NaCl,
5% sorbitol

T :
m

55.2°C

NS-3
100 mM HEPES,

pH 6.5, 250 mM NaCl,
10 mM MgCl2

T :
m

47.1°C BP-3
50 mM Na. Citrate,     

pH 6.0, 125 mM NaCl,
20 mM L-Arg

T :
m

40.9°C
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• 将初筛结果上传至 JMP 实验设计（DoE）软件，确定后续实验的最优配方体系。
• 对三种不同配方体系保存的蛋白，在多个温度下连续监测酶活性随时间的变化；三组配方分别为：两组 Tm 最

高的优化配方、一组 Tm 最低的配方（用作阴性对照）。

蛋白质名称 缩写

 脑膜炎奈瑟菌 CMP 唾液酸合
成酶

NS

 长双歧杆菌婴儿亚种 β-1,3-D - 
半乳糖基-D-己糖胺磷酸化酶 BP

猪短螺旋体 β- 葡萄糖醛酸酶 BE

长双歧杆菌 UDP-糖合成酶 BL

表3：配方筛选所用化学品

化学品        浓度

NaCl 0, 125, or 250 mM

蔗糖 5% (w/v)

山梨糖醇 5% (w/v)

甘油 5% (w/v)

L-Arg 20 mM

L-His 20 mM

MgCl2 10 mM

表2：高通量实验筛选所用缓冲液
缓冲液 pH

柠檬酸钠 6.0

HEPES 6.5, 7.0, 7.5

Tris-HCl 8.0, 8.5

甘胺酰甘氨酸  
(Gly-Gly) 8.5, 9.0

甘氨酸 9.0

图2：自动化液体处理平台台面布局，依次完成蛋白纯化、置换至96种不同缓冲配方体
系；分装后的配制蛋白分别用于 Bradford 蛋白定量检测与 SYPRO Orange 荧光热漂移
稳定性检测。

Method DSF DSC

BP-1 55.0* 52.1
BP-2 55.2 61.4

BP-3 40.9 52.08

Method DSF DSC

NS-1 54.1* 54.5
NS-2 53.2 56.2
NS-3 47.1 37.8

结果

图1：实验流程示意图。

表1：蛋白质缩写对照表
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Stability of NS

Figure 5. Relative activity of NS in three
formulations stored at 4oC (A), 22oC (B), and          
37oC (C) over time in days.

Figure 6. NS protein concentrations in three          
formulations stored at 4oC (A), 22oC (B), and         
37oC (C) measured across time in days.

Stability of BP

Figure 7. Relative activity of BP in three formulations stored at 4oC (A) and 30oC (B)
over time in days.

Melt Temperature Variation between DSF and DSC

Figure 9. Melt curves for NS from DSF with SYPRO Orange dye and from DSC. (A) Melt
temperatures calculated from DSFand DSC for three formulations. (B) DSFand DSC
melt curves for NS in NS-1, a DoE optimized formulation. (C) DSFand DSC melt curves
for NS in NS-2, the high performing formulation during DSF screening. (D) DSFand DSC
melt curves for NS in NS-3, the worst performing formulation during DSF screening.

Initial Screening of Formulations

Figure 3. Initial screening of formulations. Melting temperatures (Tm) for (A) NS, (B) BP,
(C) BE, and (D) BL in 96 different formulations. Color scale represents temperature          
magnitude, with green indicating higher Tm and red indicating lower Tm.

Formulation predictions on JMP with DoE

Figure 4. (A) Correlation between predicted and measured melt temperatures (Tm) from the 
DoE model. Prediction profiler predicting the impact of (B) buffer concentration, (C) NaCl  
concentration, (D) additives, and (E) salt type and pH on Tm values.

Formulations selected after initial screening
Table 4. Formulations used for each enzyme                                .

Automated Protein Buffer Exchange Enables High-Throughput Thermal
Shift Assay and Streamlined Liquid Formulation Development

Figure 8. BP protein concentrations in three formulations stored at 4oC (A) and 30oC (B) 
over time in days.

Figure 10. Melt curves for BP from DSF with SYPRO Orange dye and from DSC. (A) Melt 
temperatures calculated from DSFand DSC for three formulations. (B) DSFand DSC
melt curves for BP in BP-1, a DoE optimized formulation. (C) DSFand DSC melt curves  
for BP in BP-2, the high performing formulation during DSF screening. (D) DSFand DSC 
melt curves for BP in BP-3, the worst performing formulation during DSF screening.

INTRODUCTION
•  Developing stable protein formulations is essential for successful biologic products, yet traditional formulation 

screening often requires weeks to months of iterative experimentation, significantly increasing development    
timelines and costs.

•  Integrating automated liquid handlers (ALH) with Affinity and SizeX IMCStips® enables rapid protein purification 
and buffer exchange into 96 unique formulations directly from cells.

•  Protein stability can then be evaluated using differential scanning fluorimetry (DSF) with SYPRO™ Orange        
dye on a real time-PCR platform, enabling a high-throughput method to screen proteins based off melt           
temperatures (Tm).

•  This approach provides a rapid, scalable method to assess protein thermal stability through Tm values and can 
be incorporated into Design of Experiments (DoE) workflows to identify and optimize formulation parameters, 
accelerating the path towards robust and stable protein products.

METHODS

CONCLUSION
•  IMCStips enabled purification and buffer exchange across multiple protein samples while significantly reducing costs relative to traditional workflows.
•  By using automated liquid handling (ALH), 96 samples can be buffer exchanged at the same time into different formulations versus single buffer exchange by conventional Fast Protein Liquid Chromatography (FPLC).

•  Formulations providing most stability quickly identified through Differential Scanning Fluorimetry (DSF) screening with SYPRO orange.
•  This workflow is readily scalable to support higher-throughput screening and the generation of structured datasets.
•  Automating workflows and datasets can enable Machine Learning–driven approaches for identifying novel protein formulations and accelerating biologics development.
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•  Frozen cells were thawed  
and lysed using B-PER      
Complete.

•  Lysate was centrifuged and 
supernatant was diluted
with buffered solution.

•  Proteins were purified from 
cell lysate using Ni-IMAC
IMCStips on automated     
liquid handlers (ALH).

•  Purified proteins were      
buffer-exchanged into 96   
formulations using SizeX   
IMCStips.

•  Formulated proteins were 
quantified by Bradford
assay with BSA as a
standard.

•  SYPRO orange was mixed  
on ALH deck.

•  Thermal stability was
measured by differential   
scanning fluorimetry
(DSF) with SYPRO Orange  
dye on the StepOnePlus   
RT-PCR and compared
to differential scanning     
calorimetry (DSC) with TA 
DSC2500.

during stability testing
NS BP

NS-1
50 mM Gly-Gly,

pH 8.5, 250 mM NaCl,
5% glycerol

T :
m

54.1°C BP-1
200 mM HEPES,

pH 6.5, 125 mM NaCl,
5% sorbitol

T :
m

55.0°C

NS-2
200 mM Gly-Gly,

pH 8.5, 250 mM NaCl,
5% sorbitol

T :
m

53.2°C BP-2
200 mM Na. Citrate,

pH 6.0, 250 mM NaCl,
5% sorbitol

T :
m

55.2°C

NS-3
100 mM HEPES,

pH 6.5, 250 mM NaCl,
10 mM MgCl2

T :
m

47.1°C BP-3
50 mM Na. Citrate,     

pH 6.0, 125 mM NaCl,
20 mM L-Arg

T :
m

40.9°C
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•  Upload of initial screening results to JMP Design of Experiments (DoE) identified optimized formulations for 
subsequent experiments.

•  Enzyme activities were measured over time at multiple temperatures for proteins stored in three different  
formulations: two highest Tm formulations and one lowest Tm formulation as a negative control.

Protein Name Abbreviation
Neisseria meningitidis CMP      
sialic acid synthetase

NS

Bifidobacterium longum spp.     
infantis β-1,3-D-galactosyl-D-   
hexososamine phosphorylase

BP

Brachyspira pilosicoli
β-glucuronidase

BE

Bifidobacterium lumgum
UDP-sugar synthase

BL

Table 3. Chemicals used for 
formulation screenings.
Chemical Concentration
NaCl 0, 125, or 250 mM

Sucrose 5% (w/v)

Sorbitol 5% (w/v)

Glycerol 5% (w/v)

L-Arg 20 mM

L-His 20 mM

MgCl2 10 mM

throughput screening.
Buffer pH
Sodium citrate
(Na Citrate) 6.0

HEPES 6.5, 7.0, 7.5

Tris-HCl 8.0, 8.5

Glycylglycine   
(Gly-Gly) 8.5, 9.0

Glycine 9.0

Figure 2: Deck layout on automated liquid handler for protein purification followed by buffer 
exchange into 96 different formulations. Formulated proteins are then aliquoted for protein 
quantification using Bradford assay and for SYPRO Orange thermal shift assay.

Method DSF DSC

BP-1 55.0* 52.1
BP-2 55.2 61.4

BP-3 40.9 52.08

Method DSF DSC

NS-1 54.1* 54.5
NS-2 53.2 56.2
NS-3 47.1 37.8
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